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ABSTRACT : 

PROBLEM TO BE SOLVED: To efficiently cool substrates by a first cooling step 
cooling the hot substrates until they are transferred to a cooling unit and 
second cooling thereof, using this unit. 

SOLUTION: A first cooling step of cooling hot substrate until they are 
transferred to a cooling unit is followed by a second cooling thereof, using 
this unit. Forks 32 e.g. for supporting the substrates are stacked on a base 
31 of a main arm for transferring the substrates, gas feeders 33 are mounted on 
the forks 32, the heat treated substrate are carried out by the main arm, a gas 
is fed through the feeders 33 to cool the substrates being transferred to a 
cooling unit, and the substrates cooled down to a fixed temp, level during 
transfer are loaded in the cooling unit and laid on cooling plates in the unit 
to do the sec. cooling. 
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' NOTICES * 

rPO and NCIPI are not responsible for any 
iamages caused by the use of this translation. 

..This document has been translated by computer. So the translation may not reflect the original precisely. 
I.**** shows the word which can not be translated. 
Lin the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Detailed Description of the Invention] 

;oooi] 

The technical field to which invention belongs] This invention relates to the substrate cooling approach which cools 
;ubstrate in the condition that temperature was raised in the processing performed to substrates, such as for example, 
;emi-conductor wafer and a LCD substrate, the substrate processor with which it is applied, and a substrate transport 
ievice. 
0002] 

Description of the Prior Art] In manufacture of a semiconductor device or a liquid crystal display (LCD), photoresist 
iquid is applied to the semi-conductor wafer resin LCD substrate which is a substrate, the resist film is formed, the re 
ilm is exposed corresponding to a circuit pattern, and a circuit pattern is formed by the so-called photolithography 
echnique of carrying out the development of this. 

0003] In such spreading and a development, in case the resist film is formed, heat treatment of the prebaking for 
totalization of a photoresist, postexposure BEKU after exposure, the postbake after development, etc. is performed. 

oreover, the cooling process for cooling the substrate with which the temperature after these heat treatments was ra 
s performed. 

0004] When cooling the substrate with which the temperature after heat treatment was raised, heat exchange is 
)erformed on the cooling plate which is the base material which supports a substrate. On the cooling plate which 
>repared the duct for circulating the cooling plate which specifically attached the Peltier device which is a cooling 
component, or cooling water, the substrate with which temperature was raised is laid, heat exchange is performed 
>etween a Peltier device or cooling water, and a substrate, and the temperature of a substrate is reduced. 
0005] 

Problem(s) to be Solved by the Invention] However, demand of shortening the tact time in substrate processing cann 
iilly be satisfied with the above cooling approaches of the demand now [ high ]. That is, by the above cooling 
ipproaches, if a tact time becomes short, it will become impossible to cool the substrate after the above-mentioned he 
reatment to predetermined temperature. 

0006] This invention is made in view of this situation, and it aims at offering the substrate cooling approach which c 
:ool a substrate efficiently, the substrate processor with which it is applied, and a substrate transport device. 
0007] 

Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 1st invention offers th 
;ubstrate cooling approach characterized by providing the 1st cooling process which will perform 1st cooling by the t 
emperature raises and said substrate is conveyed by the refrigeration unit to a **** substrate, and the 2nd cooling 
>rocess which performs 2nd cooling to the substrate after said 1st cooling process in said refrigeration unit. 
0008] The 2nd invention offers the substrate cooling approach characterized by the cooling rate of said 2nd cooling 
)eing smaller than the cooling rate of said 1st cooling in the 1st invention. The substrate cooling approach characteriz 
>y the 3rd invention carrying out in the 1st invention or the 2nd invention when said 1st cooling sprays a gas on a 
;ubstrate during substrate conveyance is offered. 

0009] The 4th invention offers the substrate cooling approach characterized by controlling said 1st cooling in the 3rd 
nvention by adjusting the conditions which spray a gas on a substrate. The 5th invention offers the substrate cooling 
ipproach characterized by performing said 2nd cooling in the 4th invention using a cooling component from the 1st 
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nvention. The 6th invention offers the substrate cooling approach characterized by performing said 2nd cooling in th 
1th invention using both a cooling component and cooling water from the 1st invention. 

0010] The 7th invention is a processor which supplies a liquid to a substrate and performs predetermined processing 
Hie heat treatment section, Convey a substrate with the cooling section which cools the substrate with which tempera 
vas raised, and the conveyance means equipped with a cooling means to cool the substrate with which temperature w 
aised on that occasion is provided. After cooling during conveyance the substrate with which temperature was raised 
vith said conveyance means, the substrate processor characterized by cooling in said cooling section is offered. 
001 1] The 8th invention is equipped with the base material which said conveyance means is established on a still mo 
novable pedestal and said pedestal, and supports a substrate in the 7th invention, and said cooling means offers the 
:ubstrate processor characterized by having a means to be attached in said base material and to supply a gas to a 
substrate. 

0012] The 9th invention is equipped with the base material which said conveyance means is established on a still mo 
novable pedestal and said pedestal, and supports a substrate in the 7th invention, and said cooling means offers the 
substrate processor characterized by having a means to be attached in said pedestal and to supply a gas to a substrate. 
0013] The 10th invention offers the substrate processor characterized by equipping said cooling section with the coo 
style which is prepared in the base material which supports a substrate, and said base material, and cools the substrate 
i base material in the 9th invention from the 7th invention. 

0014] In the 10th invention, said cooler style has a cooling component and the 1 1th invention offers the substrate 
cooling system characterized by cooling a line substrate using this cooling component. In the 10th invention, said coo 
style has a cooling component and a cooling water duct, and the 12th invention offers the substrate cooling system 
characterized by cooling a substrate using both these. 

0015] The 13th invention is a substrate transport device characterized by having a cooling means to be the transport 
levice which conveys a substrate and to cool the substrate with which temperature was raised. The 14th invention is 
equipped with the base material which is formed on a still more movable pedestal and said pedestal, and supports a 
:ubstrate in the 13th invention, and said cooling means offers the substrate transport device characterized by having a 
neans to be attached in said base material and to supply a gas to a substrate. 

0016] The 15th invention is equipped with the base material which is formed on a still more movable pedestal and sa 
>edestal, and supports a substrate in the 13th invention, and said cooling means offers the substrate transport device 
characterized by having a means to be attached in said pedestal and to supply a gas to a substrate. 
0017] Ac cording to the 1st invention, 1st cooling is first performed during conveyance of a substrate to the substrate 
vith which temperature was raised, substrate temperature is dropped to some extent, a substrate is cooled in a 
efrj geration unit after that, and subs trate temperature is adjusted to accuracy. For example, while being conveyed by 
efrigeration unit from the unit with which heat treatment was performed after heat treatments, such as prebaking for 
stabilization of the photoresist to a substrate, postexposure BEKU after exposure, and postbake after development, Is 
cooling is performed to a substrate, and subsequent substrate cooling is performed in a refrigeration unit. Therefore, 
:ince it carries out, namely, the fault heat of the substrate with which temperature was beforehand raised during subst 
conveyance to a refrigeration unit is removed while conveying a part of cooling usually altogether performed in the 
efrigeration unit, cooling (2nd cooling) performed in a refrigeration unit can be managed with a narrow temperature 
equirement. Consequently, the cooldown delay in a refrigerati on unit can be shortened and the tact ti me in substrate 
)r ocessing ca n be shortened. In this case, it is desirable that the cooling rate of the 2nd cooling is smaller than the 
cooling rate of the 1st cooling for taking fault heat like the 2nd invention. 

.0018] Since substrate cooling is performed by spraying a gas on a substrate according to the 3rd invention, a substra 
j^lSecooled by non-contact and the breakage to a substrate, electrification by static electricity, etc. can be prevented 

oreov er, since a gas is sprayed on a substrate, the particle which adhered on the substrate is also removable. If 
omzat ion gas is furthermore used as gas, static electricity produced when carrying out field contact of the substrate is 
emovabl e. 

.0019] Moreover, according to the 4th invention, the conditions (the amount of blasting, blasting time amount, or tim 
)f blasting) which spray a gas on a substrate are adjusted. Thereby, it is controllable by the 1st cooling to which level 
substrate is cooled. Therefore, control of said 1st cooling can adjust the time amount in the 2nd cooling inevitably. Th 
i tact time is controllable by controlling the 1st cooling and cooling of the 2nd. 

0020] Like the 5th invention, the temperature of the substrate from which fault heat was removed is controllable by h 
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legree of accuracy by performing 2nd cooling with a cooling component. Moreover, since it can cool at a comparativ 
)ig rate with cooling water and can cool with high degree of accuracy by the cooling component like the 6th inventio 
)y performing 2nd cooling using both a cooling component and cooling water, cooling of quick and high degree of 
tccuracy is realized. 

0021] Since the conveyance means equipped with a cooling means by which a substrate processor cools the substrate 
vith which the substrate was conveyed and temperature was raised is provided according to the 7th invention, substra 
emperature can be dropped to the temperature level during conveyance which conveys the substrate with which 
emperature was raised to a refrigeration unit. Consequently, the cooldown delay in a refrigeration unit can be shorten 
ind the tact time in substrate processing can be shortened. 

0022] Moreover, by establishing a means to supply a gas to a substrate, like the 8th invention and the 9th invention, 
;ubstrate can be cooled by non-contact and the breakage to a substrate, electrification by static electricity, etc. can be 
>revented. Moreover, the particle which adhered on the substrate is also removable with these configurations. 
0023] When the cooling section has the cooler style which cools the substrate on a base material and cools a substrat 
>y the cooling component like the 1 1th invention like the 10th invention there Can control by high degree of accuracy 
he temperature of the substrate from which fault heat was removed, and like the 12th invention By cooling the 2nd 
cooling using both a cooling component and a cooling water duct, it can cool at a comparatively big rate with cooling 
vater, and can cool with high degree of accuracy by the cooling component, and cooling of quick and high degree of 
tccuracy is realized. 

0024] According to the 13th invention, the 14th invention, and the 15th invention, the substrate with which temperat 
vas raised can be cooled during substrate conveyance, and a part of cooling in substrate processing can be borne. 
Hierefore, cooling in a refrigeration unit can be shortened as much as possible, and the tact time in substrate processi 
•an be shortened. 



Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail with refere 
o an accompanying drawing. Drawing 1 is the perspective view showing spreading and the development system of th 
XD substrate with which this invention is applied. 

0026] This spreading and development system are equipped with the conveyance device 3 for conveying a semi- 
conductor wafer between the processing section 2 equipped with the cassette station 1 in which the cassette C which 
lolds two or more substrates S is laid, and two or more processing units for performing a series of processing s which 
ncl ude resist spreading and development in Substrate S , and the cassette C on the cassette station 1 and the processin 
;ection 2. And at the cassette station 1 , carrying in of the cassette C to a system and taking out of the cassette C from 
ystem are performed. Moreover, in the conveyance way 12 top in which the conveyance device 3 was formed along 
irray direction of a cassette, it has the movable conveyance arm 1 1 and conveyance of Substrate S is performed by th 
conveyance arm 1 1 between Cassette C and the processing section 2. 

0027] The processing section 2 is divided into pre-stage part 2a and post-stage part 2b, it has paths 15 and 16 in the 
center, respectively, and each processing unit is arranged in the both sides of these paths. And the junction section 17 
brmed among these. 

0028] Pre-stage 2a is equipped with the movable Maine arm 1 8 along the path 1 5, the brush washing unit 2 1 , the rins 
mit 22, an adhesion process unit 23, and a refrigeration unit 24 are arranged at the one side of a path 1 5, and two resi 
sprea ding units 25 are arranged at the other side. On the other hand, post-stage 2b is equipped with the movable Main 
trm 19 alongt he path 16, and two development units 29 are arranged for the heat system unit group 28 which becom 
he one side of a path 19 from two or more heat-treatment units 26 and refrigeration units 27 at the other side. Three 
groups to which it comes to carry out the two-step laminating of the unit are located in a line along the path 19, an up 
case is the heat-tre atment unit 26, and the lower berth of the heat system unit group 28 is a refrigeration unit 27. The 
_ieat-treatment un it 26 performs the prebaking for stabilization of a resist, postexposure BEKU after exposure, and 
)Ostbake proce ssing after development. In addition, the interface section 30 for delivering Substrate S between aligne 
not shown) is formed in the back end of post-stage 2b. 



0029] The above-mentioned Maine arm 1 8 has carrying in and taking out of Substrate S to each processing unit of p 

:tage 2a, and the function to deliver Substrate S between the junction sections 17 further while delivering the semi- 
conductor wafer W between the arms 1 1 of the conveyance device 3. Moreover, the Maine arm 19 has carrying in and 
aking out of Substrate S to each processing unit of post-stage 2b, and the function to deliver the substrate S between 
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nterface sections 30 further while delivering Substrate S between the junction sections 17. Thus, by collecting each 
>rocessing unit and unifying, space-saving-izing and the increase in efficiency of processing can be attained. 
0030] Thus, in spreading and the development system constituted, the substrate S in Cassette C is conveyed by the 
>rocessing section 2, first, in order to carry out washing processing with the washing unit 21 and the rinsing unit 22 a 
o raise fixable [ of a resist ], hydrophobing processing is carried out with an adhesion process unit 23, and a resist is 
ipplied in the resist spreading unit 25 after cooling with a refrigeration unit 24. Then, after prebaking processing of th 
;ubstrate S is carried out by one of the heat-treatment units 26 and being cooled with a refrigeration unit 27, it is 
;onve yed by the aligner through the interface section 30, and a predetermined pattern is exposed there. And it is again 
:arried in through the interface section 30, and postexposure BEKU processing is performed by one ot the heat-treatm 
inits 26. Then, the development of the substrate S cooled with the refrigeration unit 27 is carried out in the developm 
init 29, and a predetermined circuit pattern is formed. The substrate S by which the development was carried out is h 
n the predetermined cassette on the cassette station 1 according to the Maine arms 19 and 18 and the conveyance dev 
i. 

0031] The perspective view and drawing 3 which show the Maine arm 18 which is a conveyance means by which 
Irawing 2 conveys a substrate in the above-mentioned spreading and development system are the side elevation. 3 1 in 
Irawing is horizontal migration, rise and fall, and a pivotable pedestal. The fork 32 which supports Substrate S on a 
>edestal 3 1 is arranged multistage (here two steps). On the fork 32, the gas feed zone material 33 which is a cooling 
neans is attached. 

0032] The gas feeder style 34 is connected with this gas feed zone material 33, gases, such as air, nitrogen gas, and 
" onized gas, are int roduced from the gas supply means 34, and said gas is supplied to Substrate S through the gas feed 
:one material 33 . When Substrate S carries out field contact at fork 32 on the occasion of conveyance, static electricit 
irises, but since static electricity in this case is removable, it is desirable to use the gas ionized as a gas. 
0033] Moreover, the control section 35 is connected to the gas feeder style 34, and the timing of the conditions of 
)lasting which spray a gas on a substrate by this, for example, the amount, blasting time amount, or blasting can be 
controlled now. Therefore, it is controllable by substrate cooling by gas supply to which level a substrate is cooled. 
0034] Although the substrate S which formed the gas feed zone material 33 in the fork 32 separately, and was suppo 
>n the fork 32 is cooled in drawing 2 and drawing 3 , it prepares on a pedestal 3 1 and you may make it cool the substr 

> supported on the fork 32 by the gas feed zone material 36 which has two or more blowdown section 33a correspond 

0 the number of fork 32, as shown in drawing 4 . The cooling level of the substrate S on each fork 32 is controllable 
he method shown in drawing 3 according to an individual. Moreover, by the method shown in drawing 4 , the substr 

> on all forks 32 can be cooled uniformly. In addition, by the method shown in drawing 4 , in order to supply a gas to 
Substrate S, hole 32a is prepared in the fork 32, and a gas is supplied to Substrate S through the hole 32a. Also in the 
nethod shown in drawing 4 , like the method shown in drawing 3 , the control section 35 is connected to the gas feed 
:tyle 34, and the conditions which spray a gas on a substrate can be controlled now. 

0035] Furthermore, as shown in drawing 5 , the gas conduction hole 37 is formed in the fork 32, from there^gas may 
prayed on Substrate S and you may cool, as shown in drawing 6 , the gas conduction hole 38 may be formed in a 
)edestal 31, the gas feed zone material 39 which follows it may be formed in the location of fork 32 directly under of 
>edestal 31, and gas may be supplied towards fork 32. 

0036] The refrigeration unit 27 has the cooling plate 41, as shown in drawing 7 . On the cooling plate 41, the suppor 
naterial 42 which consisted of flexible material, such as resin and rubber, is formed, and Substrate S is supported by 
:upporter material 42. 

0037] Two or more cooling components are arranged, or the cooling- water-flow duct is established in the cooling pi 
U . The substrate S installed in the cooling plate 41 is cooled by the cooling water which circulates through the inside 

1 cooling component or a cooling-water-flow duct. In this case, the substrate from which fault heat was removed by t 
conveyance member can be cooled with high degree of accuracy by using two or more cooling components. 

0038] Moreover, the cooling plate which has both a cooling component and a cooling-water- flow duct may be used, 
example is shown in drawing 8 . Here, the cooling plate 41 has the two-layer structure of up plate 41a and lower plate 
Hb, 44a for cooling water for cooling the cooling plate 41 and Substrate S is laid under the up plate 41a, and duct 44 
or the cooling water for cooling Peltier device 43 which is a cooling component is laid under the lower plate 41b. Th 
continuous-line arrow head in drawing shows duct 44a for the cooling water for cooling the cooling plate 41 and 
>ubstrate S. Moreover, alignment arrangement of two or more Peltier devices 43 is carried out at up plate 41a of the 
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:ooling plate 41 . Thus, by using together a cooling component and a cooling water duct, it can cool at a comparative! 
)ig rate with cooling water, and can cool with high degree of accuracy by the cooling component, and cooling of quic 
ind high degree of accuracy is realized. 

0039] Next, how to cool the substrate with which temperature was raised using the substrate processor which has the 
ibove-mentioned configuration is explained. First, the substrate S with which heat treatment of the prebaking for 
totalization of a photoresist, postexposure BEKU after exposure, the postbake after development, etc. was performed 
aken out by the Maine arm 1 8 from the unit with which heat treatment was performed. A gas is supplied to the taken 
;ubstrate S through the gas feed zone material 33 prepared in the Maine arm 18 during conveyance to a refrigeration 
17. Thereby, the substrate with which temperature was raised is cooled and substrate temperature descends to a certai 
ixed temperature level (1st cooling). At this time, the temperature level which drops substrate temperature is controll 
)y adjusting the timing of the gaseous amount of blowdown, blowdown time amount, or the blowdown by the contro 
neans35. 

0040] Subsequently, as the substrate S cooled to the fixed temperature level during conveyance is carried in in a 
efrigeration unit 27 and it is shown in drawing 7 , it installs on the cooling plate 41 in a refrigeration unit 27, and 2nd 
cooling is performed here. In this case, since the fault heat of Substrate S is removed by the conveyance member, on 
cooling plate 41, it cools at a rate smaller than the 1st cooling. Thereby, Substrate S can be cooled with high degree o 
iccuracy. 

0041] In this case, by using a cooling component as a cooling means, it is much more highly precise and can cool. 

oreover, cooling of quick and high degree of accuracy can be performed by using the cooling plate 41 which has bo 
pooling water component and a cooling-water-flow duct like drawing 8 . 

0042] In the substrate cooling approach of this invention, since 1st cooling was performed and the fault heat of 
Substrate S is beforehand removed while even a refrigeration unit 27 conveys the substrate S with which temperature 
vas raised, the time amount of the 2nd cooling in a refrigeration unit 27 can be shortened. Moreover, since the fault h 
)f Substrate S is beforehand removed during conveyance, the range of the temperature reduction in the 2nd cooling 
>ecomes easy [ the temperature control by narrowing, the cooling component, or the cooling water flow ], and precisi 
ilso improves. 

0043] Thus, while conveying the substrate with which temperature was raised to a refrigeration unit, by cooling to a 
certain amount of temperature level, the temperature requirement of cooling in a refrigeration unit can be narrowed, a 
hereby, a cooldown delay can be shortened. Therefore, the cooldown delay in substrate cooling can be shortened and 
i result, the tact time in substrate processing can be shortened. According to the approach of this invention, it actually 
>ecomes possible to shorten the tact time in substrate processing 20 to 30%. 

0044] In addition, this invention is not limited to the gestalt of the above-mentioned implementation, but various 
leformation is possible for it. For example, although the gestalt of the above-mentioned implementation showed the 
example which applied the substrate cooling system of this invention to resist spreading / development unit, you may 
ipply not only to this but to other processings. Moreover, in the above-mentioned operation gestalt, although the case 
vhere a LCD substrate was used as a substrate was shown, it cannot be overemphasized that it can apply not only this 
>ut in processing of other substrates, such as a semi-conductor wafer. 
0045] 

Effect of the Invention] As explained above, since the substrate cooling approach of this invention performs 1st cool 

0 a substrate while being conveyed by the refrigeration unit from the unit with which heat treatment was performed a 
leat treatment, and 2nd cooling is performed in a refrigeration unit after that, by the time it carries in to a refrigeration 
init, a substrate can be cooled, and the 2nd cooling with a refrigeration unit should cool only a narrow temperature 
equirement. Therefore, the tact time in substrate processing can be shortened. 

0046] Moreover, since the substrate cooling approach of this invention performs substrate cooling by spraying a gas 

1 substrate, it can cool a substrate by non-contact and can prevent the breakage to a substrate, electrification by static 
electricity, etc. Moreover, since a gas is sprayed on a substrate, the particle which adhered on the substrate is also 
emovable. y 

0047] Moreover, since the substrate cooling approach of this invention adjusts the conditions (the amount of blasting 
)lasting time amount, or timing of blasting) which spray a gas on a substrate, it can control by 1st cooling to which le 
i substrate is cooled, and can adjust the time amount in the 2nd cooling inevitably by control of this 1st cooling. Thus 
act time is controllable by controlling the 1st cooling and cooling of the 2nd. 
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0048] The substrate processor of this invention conveys a substrate, and since it possesses the conveyance means 
equipped with a cooling means to cool the substrate with which temperature was raised, it can drop substrate tempera 
o the temperature level during conveyance which conveys the substrate with which temperature was raised to a 
efrigeration unit. Consequently, the cooldown delay in a refrigeration unit can be shortened and the tact time in subs 
>rocessing can be shortened. 

0049] Moreover, by preparing the member which supplies a gas to a substrate, the substrate processor of this inventi 
:an cool a substrate by non-contact, and can prevent the breakage to a substrate, electrification by static electricity, et 

oreover, the particle which adhered on the substrate is also removable with this configuration. 
0050] Furthermore, in this invention, a quick and precise temperature control can be performed by constituting so th 
Ind cooling may be performed by the cooling water which carries out conduction of a cooling component and the 
:ooling water duct. Therefore, a cooldown delay can be shortened while being able to perform exact temperature con 

0051] Moreover, since the substrate transport device of this invention is equipped with a cooling means to cool the 
:ubstrate with which temperature was raised, it can cool the substrate with which temperature was raised during subst 
:onveyance, and can bear a part of cooling in substrate processing. Therefore, cooling in a refrigeration unit can be 
ihortened as much as possible, and the tact time in substrate processing can be shortened. 

Translation done.] 
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